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Abstract 
Isolates of the marine wood-inhabiting Basidiomycete Nia vibrissa from various 
marine zones were investigated for nuclear status, colony growth and f r u c t i f i c a -
t ion. Eight of the eleven strains tested by microf luor imetry proved to be d i -
karyot ic, three were monokaryotic. Investigation of colony growth showed better 
growth at 22 °C than at 18 °C; the addition of wood and incubation under light 
had no significant e f fec t on growth. The combined influence of temperature (18, 
22, 27 °C) and salinity (0, 25, 50, 75, 100, 150, 200, 300 % of natural seawater) 
was tested and an increase of salinity optimum with increasing incubation t em-
perature ( P H O M A - P A T T E R N ) was shown for almost al l strains. A l l d ikaryot ic 
strains showed clamp connections. F ruc t i f i ca t ion occurred in both dikaryotic and 
monokaryotic strains and more frequently on seawater media than on deionized 
water media. Addit ion of wood increased f ruct i f i cat ion only sl ightly. General ly, 
the best f ruct i f i cat ion occurred around 18 °C and in the salinity range with a 
concentration of between 25 % - 150 % seawater. L ight and electron microscopy 
showed the typical structure of a gasteroid f ruct i f i cat ion with spores and both 
with and without peridia. 
Introduction 
Nia vibrissa MOORE and M E Y E R S (1959), a wood-degrading cosmopolitan Gas-
teromycete, is one of only six marine Basidiomycetes. Previous investigations of 
Nia vibrissa dealt pr imari ly with morphology and taxonomy; the few physiologi-
ca l investigations were carr ied out usually with only one isolate (DOGUET 1968, 
1969a, 1969b; for l i terature see also SCH IMPFHAUSER 1990). 
In this paper several monokaryotic and dikaryotic strains from several marine 
biogeographical zones (HUGHES 1974, K O H L M E Y E R 1983) were compared for 
their growth on different substrates, salinities and temperatures, for the appear-
ance of P H O M A - P A T T E R N and for the formation and type of fruitbodies. 
Materials and methods 
Biological mater ia l : Or ig in, suppliers and type of Nia vibrissa strains are given in 
Table 1. Three of the eleven strains were shown by microf luor imetry to be 
monokaryotic (BRES INSKY et a l . 1987). 
Table 1. Strains, origin, biogeographical zone and nuclear status of the isolates 
of Nia vibrissa. 
Strain Or i g i na l 1 
designation 




M154 J K 5071 Virgin Isl. 
(USA) 
tropical dikaryon 
M167 pp 2765 Holland northern temp. dikaryon 
M168 pp 2767 Holland northern temp. dikaryon 
M169 pp 2768 Holland northern temp. dikaryon 
M170 pp 2770 Holland northern temp. dikaryon 
M171 pp 2772 Holland northern temp. dikaryon 





M21 K M P B 14662 






M172 pp 1068 Seychelles tropical monokaryon 
M173 IFO 32088 Japan northern temp. monokaryon 
M174 IFO 32086 Japan subtropical monokaryon 
1 J K = J . Kohlmeyer, USA; pp = E.B.G. Jones, U.K.; A T C C = Amer ican Type 
Culture Co l lec t ion ; K M P B = K. Schaumann, Kulturensammlung mariner P i l z e , 
Bremerhaven, Germany; IFO = A. Nakagir i , Japan. 
Media, incubation, growth and evaluation: The strains were transferred and 
grown in 9 cm 0 petri dishes on glucose (1 g/1) - peptone (0.5 g/l) - yeast ex-
t ract (0.1 g/l) medium prepared with natural (GPYN) or synthetic (GPYS) sea-
water and deionized (GPYI) water as described in MOLITORIS and S C H A U M A N N 
(1986). The synthetic seawater was prepared with R ILA MAR INE MIX (RILA 
PRODUCTS , Teaneck, N.J., USA). Wood (W) was added in the form of s ter i l i zed 
tooth picks (Betula sp.) at the agar surface. Incubation temperatures are indicat-
ed in Table 3. I l lumination conditions were constant darkness (D) or a cyc le of 
12h light/12h darkness (L/D). Growth was measured as an increase in colony d ia -
meter. A l l experiments were conducted on tr ip l icate plates and the means are 
given in the tables. 
P H O M A - P A T T E R N : Growth on agar plates was determined after 10 days at d i f -
ferent temperatures (10, 18, 22, 27 and 30 °C) each at different salinities (0, 25, 
50, 75, dOO, 150, 200 and 300 % of natural seawater). P lott ing the sal inity 
growth optima (ordinate) against the incubation temperature resulted in an up-
wards directed curve in the case of P H O M A - P A T T E R N (RITCHIE 1957), indicat-
ing an increased salinity optimum with increasing incubation temperature. 
Reproductive structures: Format ion and quantity of reproductive structures were 
determined from the experiments on growth (up to six months) and P H O M A -
P A T T E R N (up to four months). The reproductive structures were documented 
using light microscopy (Zeiss photomacroscope in vivo and Zeiss Ax iomat after 
semi-thin sectioning) and scanning electron microscopy (Zeiss D5M 950) as de-
scribed in SCH IMPFHAUSER (1990). 
Results and discussion 
Colony growth: Nia vibrissa grew on GPY-agar plates as a fine white mycel ium 
of medium density. Colonies often showed zonation and sometimes sectorforma-
tion. Sclerot ia (hard and white, usually spherical and of various dimensions) were 
found regularly, regardless the incubation conditions. The growth of monokaryo-
t i c strains resembled that of dikaryotic strains. In most cases natural seawater 
resulted in a somewhat better colony growth, while i l lumination slightly retarded 
it . Addit ion of wood in combination with deionized water or synthetic seawater 
also retarded colony growth sl ightly, whereas the addition of wood in combina-
tion with natural seawater slightly st imulated it. Colony growth was better at 22 
°C than at 18 °C. The opt imal salinity for colony growth was generally between 
50 % and 75 % of natural seawater. 
P H O M A - P A T T E R N : Opt imal growth temperature was between 22 °C and 27 °C 
with the exception of the tropical strain M154 with a higher growth optimum of 
30 °C. The optimal salinity was between 50 % and 75 % natural seawater with 
no differences between monokaryons and dikaryons or isolates of different bio-
geographical zones. Of the eleven strains investigated, seven showed definitely 
P H O M A - P A T T E R N (Fig. 1), three originated from subtropical zones (M174, M175 
and M21) and one from the tropical zone (M172). Two strains showed only a 
slight P H O M A - P A T T E R N (M154, M173) whereas two others from northern t em-
perate zones (M168, M170) showed none. Furthermore, P H O M A - P A T T E R N was 
observed in both monokaryotic (M172) and dikaryotic (M167, M169, M171, M175, 
M21) strains. 
Fruitbody production: As is evident from Table 2, clamp connections occurred 
only in dikaryotic strains. The strains M170, M171, M21, M173 and M174 did not 
produce primordia or fruitbodies. A l l other strains formed primordia after 3-6 
weeks of incubation, from which mature fruitbodies with spores developed. Only 
strain M154 did not produce fruitbodies for at least 10 weeks. Two different 
types of fruitbodies were observed: Type A - hairy fruitbodies, the gleba mass 
being covered by a peridium with protruding hyphae (Plate l a , l b , l c ) showing 
bifurcate tips (Plate Id). Type B - smooth fruitbodies without peridium and 
without protruding hyphae (Plate l e , If). 
As Table 3 shows, i l lumination did not enhance f ruct i f i cat ion but reduced the 
number of fruitbodies, as did the medium prepared with deionized water (GPYI). 
The addition of wood (W) st imulated fruitbody formation. F ruc t i f i ca t i on was 
generally better at 18 °C than at 22 °C and 27 °C. The best results were found 
at salinities between 50 % and 100 % of natural seawater whereas at 0 % very 
few and at 200 % and 300 % no fruitbodies were produced at a l l (Table 4). 
M O O R E and M E Y E R S (1959) in their f i rst paper on Nia vibrissa described this 
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F ig , 1. P H O M A - P A T T E R N in the monokaryotic strain M172 of Nia vibrissa. 
Table 2. Formation of clamp connections and reproductive structures in mono-
karyot ic and dikaryotic strains of Nia vibrissa. 
Strain Clamps Sclerotia Pr imordia Fruitbody Spores 
Dikaryons 
M l 54 + + + 0 + 
M167 + + + o/* + 
M168 + + + o/* + 
M169 + + + o/* + 
M170 + + - - -
M171 + + - - -
M175 + + + o/* + 
M21 + + - - -
Monokaryons 
o/* M172 - + + + 
M173 - + - - -
M174 - + - - -
+ = present; - = absent; o = fruitbody without hairy peridium; * = fruitbody with 
hairy peridium. 
Thalassiomycetes. D O G U E T investigated this fungus further in 1967 and reclass i -
f ied it as* the only marine Gasteromycete, belonging to the Melanogastrales 
(DOGUET 1969a, K O H L M E Y E R and K O H L M E Y E R 1979). 
Table 3. Frequency of fruitbody production of Nia vibrissa strains depending on 
temperature, light, water quality and addition of wood (experiments on colony 
growth; incubation t ime: 4 months). 
Fruitbodies 
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1 M = Medium: I = deionized water; S = synthetic seawater; N = natural sea-
water; W = wood. 
2 I l lumination: D = constant darkness; L/D = cyc le of 12h l ight/l2h darkness. 
Table 4. Frequency of fruitbody production of Nia vibrissa strains depending on 
temperature and salinity (experiments on P H O M A - P A T T E R N ; medium: GPYS ; 
i l lumination: constant darkness; incubation t ime: 6 months). 
Fruitbodies 
18° C 22°C 27°C 
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1 M = Medium; sal inity varying from 0 % to 150 % natural seawater concentra-
t ion. 
The f irst physiological investigations on Nia vibrissa were conducted by D O G U E T 
(1968, 1969a and 1969b) using isolates from one location of the northern tempe-
rate biogeographic zone. This is in contrast with our work in which we invest i-
gated several mono- and dikaryot ic isolates from various biogeographical zones. 
Colony growth: As already reported by JONES and IRVINE (1971) and conf irmed 
by our findings Nia vibrissa grows very slowly under laboratory conditions with 
the exception that some tropical isolates (e.g. M154) show faster growth if the 
incubation temperature is increased. 
D O G U E T (1968) reported better growth in total darkness than in a cyc le of 12h 
light/12h darkness, which we could conf i rm since our cultures also showed better 
growth in constant darkness than in alternating 12h light/12h darkness. 
The observed slight inhibition of colony growth caused by the addition of wood 
might be a merely mechanical e f fect . According to D O G U E T (1969b) optimal 
growth temperature for the cosmopolitan Nia vibrissa is between 15 °C and 25 °C 
with a lower l imit of 4 °C (reversible inhibition) and an upper l imit of 35° C (ir-
reversible inhibition). In our experiments, based on a wider selection of strains, 
this could be conf irmed in pr inciple, however with an extension of the optimum 
temperature to 27 °C. This is comparable with another wood-degrading marine 
Basidiomycete, Haiocyphina villosa, from tropical and subtropical zones showing 
best colony growth between 22 °C and 27 °C ( R O H R M A N N and MOLITORIS 
1986) whereas the wood-degrading marine Basidiomycete Digitatispora marina 
f rom temperate zones showed best growth at 15 °C (DOGUET 1964). 
P H O M A - P A T T E R N : JENNINGS (1982) reported optimal growth for some higher 
marine fungi at a sal inity of 100 % of natural seawater but stated that in most 
cases growth is better at lower salinities, part icular ly for marine Basidiomycetes 
which in this respect are more sensitive than Asco- and Deuteromycetes. This is 
in agreement with our observation that in none of the Nia vibrissa strains tested 
the optimal salinity was higher than 100 % natural seawater, regardless of 
incubation temperature. A t medium incubation temperatures, the sal inity optima 
P late 1. 
a) Gross morphology of "ha i ry " fruitbody of Nia vibrissa, strain M172, in the 
photomacroscope (12 w incubation, 22 °C, S-medium) 
b) Semi-thin section of "ha i ry " fruitbody of Nia vibrissa, strain M172, under a 
light microscope (16 w incubation, 22 °C, S-medium) 
c) Gross morphology of "ha i ry " fruitbody of Nia vibrissa, strain M172, in scan-
ning electron microscope (9 w incubation, 22 °C, S-medium, freeze-dried) 
d) Freeze- f ractured section of "ha i ry " fruitbody of Nia vibrissa, strain M172, in 
scanning electron microscope (9 w incubation, 22 °C, S-medium) 
e) Gross morphology of "naked" fruitbody of Nia vibrissa, strain M169, in the 
photomacroscope (8 w incubation, 22 °C, S-medium) 
f ) Semi-thin section of "naked" fruitbody of Nia vibrissa, strain M l 7 2 , in light 
microscope (16 w incubation, 22 °C, S-medium) 
Abbreviations: 
G = gleba with spores L M = light microscopy 
P = peridium SEM = scanning electron microscopy 
H = hooked hyphes of the peridium w = weeks 
Plate 1. Morphology and anatomy of fruitbodies of Nia vibrissa. 
for growth were lower in the case of some other wood-degrading marine Bas id-
iomycetes tested so far: namely 50-100 % for Halocyphina villosa ( R O H R M A N N 
and MOLITORIS 1986); 25-90 % for Digitatispora marina (DOGUET 1964) and for 
Nia vibrissa 15-75 % (DOGUET 1969b), or 50-100 % ( LORENZ and MOLITORIS, 
ms. submitted) and ( SCH IMPFHAUSER 1990). 
R ITCHIE (1957) cal led an increased salinity tolerance with increasing incubation 
temperature " P H O M A - P A T T E R N " according to the fungus in which this phenom-
enon was f i rst observed. This was confirmed for several other marine fungi 
( S C H A U M A N N 1974). D O G U E T (1969b) found P H O M A - P A T T E R N in the tempera-
ture range from 10 °C - 30 °C for a dikaryotic isolate of Nia vibrissa from the 
temperate zone. The present paper shows P H O M A - P A T T E R N for most of the 
Nia vibrissa strains investigated with no differences between mono- and dikaryo-
t i c strains. Since our strains are derived from different temperature-determined 
biogeographical zones, this is in conf l i c t with R ITCHIE (1957) who assigned this 
growth pattern to tropical and subtropical isolates. Nevertheless, P H O M A - P A T -
T E R N generally may be of selective advantage for marine strains such as Nia 
vibrissa l iv ing on dr i ftwood and intert idal wood and being exposed to increasing 
temperatures with increasing salinities, at least for a short t ime. 
Fruitbody production: The fruitbody production and types and structure of f ru i t -
bodies in Nia vibrissa were investigated in more detai l than in previous papers. 
In contrast to D O G U E T (1968) and L E I G H T L E Y and E A T O N (1979), we observed 
wood as a natural substrate was not necessary to induce f ruc t i f i ca t ion . It was 
found, however, that the addition of wood enhances the number of fruitbodies 
produced. S imilar ity, we proved that light does not prevent fruitbody production 
as c la imed by D O G U E T (1968), although darkness does enhance the number of 
fruitbodies produced. H Y D E et a l . (1987) did not observe fruitbody formation on 
GPY-med ium whereas in our experiments at least some fruitbodies were pro-
duced, the number of them being increased when starch was added to the G P Y -
medium. Regarding the t ime of f ruct i f i cat ion, D O G U E T (1969a) observed incom-
plete fruitbodies after only 4-8 weeks and complete fruitbodies after 12 weeks. 
L E I G H T L E Y and E A T O N (1979) found the f irst fruitbodies after 10 weeks. Our 
observations show that the t ime of f ruct i f i cat ion is strongly dependent on the 
isolate of Nia vibrissa investigated with no difference in the t ime of appearance 
between hairy and hairless fruitbodies. 
D O G U E T (1969a) observed that although f ruct i f i cat ion can stop at the primordial 
stage, f ruct i f i cat ion proceeds and spores are formed if the protocyst stage is 
reached. We can confirme this, including the observation that a l l fruitbodies in -
vestigated so far contained spores. No differences regarding number, type and 
structure of fruitbodies were found between mono- and dikaryotic strains. Nia 
vibrissa seems to be wel l adapted to its universal occurrence owing to a wide 
temperature range for f ruc t i f i ca t ion as shown by DOGUET (1969b) (15 - 25 °C) 
and as conf irmed by our investigation (18 - 27 °C) . In contrast, the tropical 
marine Basidiomycete Halocyphina viliosa ( R O H R M A N N and MOLITORIS 1986) 
shows a narrower f ruc t i f i ca t ion range at higher temperatures (22 - 27 °C) and 
the temperate marine Basidiomycete Digitatispora marina (DOGUET 1964) a nar-
row f ruct i f i cat ion range at lower temperatures (15 - 20 °C). 
Summing up the results of our investigation of growth and f ruc t i f i ca t ion , it 
seems that the marine wood-degrading Basidiomycete Nia vibrissa is wel l adapt-
ed to its cosmopolitan occurrence, inhabiting biotopes from the equator to the 
a rc t i c zone. 
Acknowledgements 
The authors are grateful to E.B.G. Jones, J . Kohlmeyer, A. Nakagir i and K. 
Schaumann for kindly providing fungal cultures. Our thanks are due to S. Rohr-
mann and J . Wunderer for their help in preparing electron micrographs and to R. 
Owen for her c r i t i c a l reading of the english text. 
References 
BRES INSKY, A., B. W ITTMANN-ME IXNER, E. WEBER and M . F ISCHER, 1987. 
Karyologische Untersuchungen an P i l zen mittels Fluoreszenzmikroskopie. 
Ze i t schr i f t fur Mycologie, Band 53(2), 303-318. 
DOGUET, G., 1964. Influence de la temperature et de la salinite sur la cro is -
sance et la fe r t i l i t y du Digitatispora marina Doguet. Bul l . Soc. Fr . Phys i l . 
Veget., 10, 285-292. 
DOGUET, G., 1967. Nia vibrissa Moore et Meyers, remarquable Basidiomycete 
marin. C.R. Acad. Sc., Paris, 256, ser. D, 1780-1783. 
DOGUET, G., 1968. Nia vibrissa Moore et Meyers, Gasteromycete marin. I. -
Conditions generates de formation des carpophores en culture. Bu l l . Soc. 
Myco l . Fr., 84, 343-351. 
DOGUET , G., 1969a. Nia vibrissa Moore et Meyers, Gasteromycete marin. II. -
Dfeveloppement des carpophores et des basides. Bu l l . Soc. Myco l . Fr., 85, 
93-104. 
DOGUET, G., 1969b. Nia vibrissa Moore et Meyers, Gasteromycete marin. In-
fluence de la temperature et de la salinite sur la croissance. Bu l l . Soc. 
Linneenne de Normandie, lOe ser., lOe Vol., 52-59. 
HUGHES , G.C., 1974. Geographical distribution of the higher marine fungi. Ver-
dff. Inst. Meeresforsch. Bremerh. Suppl. 5, 419-441. 
H Y D E , K.D., C.A. F A R R A N T and E.B.G. JONES, 1987. Isolation and culture of 
marine fungi. Bot. Mar., Vo l . 30, 291-303. 
JENNINGS, D.H., 1982. Some aspects of the physiology and biochemistry of ma-
rine fungi. B io l . Rev., 58, 423-459. 
JONES, E.B.G. and J . IRVINE, 1971. The role of fungi in the deterioration of 
wood in the sea. J . Inst. Wood Sci., 29, 31-40. 
K O H L M E Y E R , J . , 1983. Geography of marine fungi. Aust. J . Bot. Suppl. Ser., 
No. 10, 67-76. 
K O H L M E Y E R , J . and E. K O H L M E Y E R , 1979. Marine Mycology. The higher 
fungi. Academic Press, New York. 
L E I G H T L E Y , L.E. and R.A. E A T O N , 1979. Nia vibrissa - a marine white rot 
fungus. Trans. Br. Myco l . S o c , 73(1), 35-40. 
MOLITORIS, H.P. and K. S C H A U M A N N , 1986. Physiology of marine fungi: A 
screening programme for growth and enzyme production. The biology of 
marine fungi, ed. MOSS, S.T., Cambridge. Cambridge Univ. Press., 35-47. 
MOORE , R.T. and S.P. M E Y E R S , 1959. Thalassiomycetes I. Pr inciples of de l im i -
tat ion of the marine mycota with the description of a new aquatical ly 
adapted Deuteromycete genus. Mycologia, 51, 871-876. 
RITCHIE, D., 1957. Salinity optima for marine fungi af fected by temperature. 
A m . J . Bot., Vo l . 44, No. 10, 870-874. 
R O H R M A N N , S. and H.P. MOLITORIS, 1986. Morphological and physiological 
adaptations of the cyphellaceous fungus Halocyphina villosa (Aphyllophora-
les) to its marine habitat. Botanica Marina, Vol. 29, 539-547. 
S C H A U M A N N , K., 1974. E x p e r i m e n t e d Untersuchungen zum EinfluG des Salzge-
haltes und der Temperatur auf das Mycelwachstum hdherer P i l ze aus dem 
Meer- und Brackwasser. Veroff. Inst. Meeresforsch. Bremerh., Suppl. 5, 
443-474. 
SCH IMPFHAUSER , G., 1990. Untersuchungen zu Wachstum, Morphogenese und 
Enzymausstattung des marinen Basidiomyceten Nia vibrissa. Diplomarbeit 
Univers i tat Regensburg. 
